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Introduction
By 2013, there was a 40% decline in new paediatric infec-

tions compared to 2009. Prevention of mother to child trans-

mission (PMTCT) of HIV continues to reduce the frequency

of HIV in infants through wider and earlier implementation

of antenatal combination antiretroviral therapy (ART). Post-

natally, breastfed infants are now protected from HIV infec-

tion through maternal ART and/or infant nevirapine (NVP)

[1]. The ultimate aim is the elimination of vertical transmis-

sion of HIV.

Should HIV infection occur in infants, the focus is on early

detection and treatment. The children with HIV early anti-

retroviral (CHER) trial established the benefit of initiating ART

at a median of seven weeks of age [2,3]. The narrative of the

Mississippi child focussed attention on very early diagnosis

and therapy. This infant, whose mother was diagnosed as

HIV-positive in labour, initiated ART 31 hours after delivery.

After ART discontinuation from 15 to 21 months of age due

to poor adherence, plasma HIV RNA remained undetectable

on standard assays until almost four years of age, with only

traces of HIV DNA being found using sophisticated assays

[4,5].

Optimization of antenatal and post-natal

maternal HIV diagnosis
The main driver of mother to child transmission is the mater-

nal viral load. Although in utero infection has been observed

from 12 weeks’ gestation [6], it is likely that the majority

occur in the last two months of pregnancy [7]. Therefore,

antenatal ART is most effective when commenced by week

20 of pregnancy [8]. Pregnancy is time-limited. Every week of

delayed diagnosis increases the risk of vertical transmission.

Using data from studies until 2010, Johnson and colleagues

calculated that seroconversion late in pregnancy or during

breastfeeding contributes 28% of vertical infections, which

could be reduced through testing at 32 weeks’ gestation, and

at the six-week post-natal visit [9]. Many of these recom-

mendations have now been incorporated in MTCT guidelines,

with additional testing in seronegative breastfeeding mothers

at three-monthly intervals thereafter recommended [10].

Testing of sexual partners of HIV uninfected pregnant and

breastfeeding women may further prevent new acquisition.

While the rapid antibody tests are effective, the window

period for developing sufficient antibodies for a positive test

is between two and eight weeks, with almost 100% being

positive after 12 weeks [11]. A new innovation is the point of

care virological test, which will substantially increase diag-

nosis of acute HIV [12]. Dried blood spots offer an appro-

priate alternative for more resource-constrained settings [13].

Expanded testing should be offered for women where sig-

nificant risk of acute HIV is identified, for example, those

presenting with acute seroconversion illness or in high pre-

valence settings (Table 1 � see suggested approach to improv-

ing maternal diagnosis and ART success).

Infant post-exposure prophylaxis when there is a

high risk of vertical transmission
For new HIV diagnosis in late pregnancy or labour, there is

a possibility of reducing risk of vertical transmission through

enhanced post-exposure prophylaxis. A randomized study of

post-exposure prophylaxis for infants born to women from

high prevalence settings where HIV was diagnosed late in

pregnancy and who received no antenatal ARVs, has contri-

buted many insights. The main objective was to determine

the best post-exposure regimen for infants at extremely

high risk for vertical HIV infection. Two antiretrovirals (ARVs)

(zidovudine [ZDV] for six weeks plus three doses of NVP in

the first week or three ARVs (ZDV, lamivudine [LMV] and

nelfinavir) for two weeks performed equally well and were

superior to ZDV given for six weeks in formula-fed infants

[14]. Given the superior efficacy of three ARVS compared to

two ARVs for treatment, many would have hoped that the

three-drug regimen would be better. Reasons for equivalence

include inability to achieve therapeutic exposure for nelfinavir

in 46% of infants, although nearly all had trough levels

above 0.05 mg/ml, 10 times the upper limit of nelfinavir IC50

for wild type HIV [15]. Also, the standard duration of post-

exposure prevention is four weeks, rather than the two

weeks used in this study [16]. Post-exposure prophylaxis for

28 days rather than a shorter period is supported by rhesus

macaque studies after simian immunodeficiency virus infec-

tion [17,18]. A recent cohort analysis from Europe showed
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that a three-ARV regimen for 28 days in post-exposure pro-

phylaxis is being used more frequently in circumstances

where there is a high risk of vertical transmission [19]. This

strategy is being widely adopted subsequent to the report of

the Mississippi baby [4] and experience in Canada [20].

Early infant diagnosis of HIV
In the post-exposure prophylaxis study by Nielsen-Saines

et al., a polymerase chain reaction (PCR) test on the first day

of life showed in utero infection in 5.7% of infants, illustrating

the importance of an immediate PCR when the risk of

transmission is high. There is a growing concern that both the

accuracy of diagnostic testing and relying on a single test in

the presence of ARV exposure are insufficient, leading to a

false sense of security. In one report, a PCR at 4�6 weeks of

age in formula-fed infants missed 32% of infections found at

three months of age. Other studies have confirmed the

inaccuracy of a single PCR at 4�6 weeks of age [21,22]. Point

of care virological testing may be useful on the first day of life

particularly where there is a high transmission risk but is

not essential provided that at least two blood specimens

are drawn for PCR in the first few days of life and triple ARV

prophylaxis is initiated as soon as possible after birth. The

latter should then be continued if the infant is HIV-infected.

Also, for breastfed infants regular virological testing of the

infant is essential until the infant is fully weaned (see

Table 2).

Conclusions
PMTCT approaches in high prevalence settings require urgent

adaptation to improve early infant diagnosis for the preven-

tion and management of HIV.

Table 1. Urgent maternal interventions to further reduce HIV PMTCT

Phase HIV status Intervention Rationale Comments

Antenatal Unknown Encourage first clinic visit and

initial HIV testing in first trimester

ART most effective when commenced

by 20 weeks’ gestation

Initial antibody

test negative

Repeat HIV testing later in

pregnancy and at delivery.

If antibody negative, use point

of care virological assay

Intimate partner testing for HIV

uninfected woman

Seroconversion in pregnancy can be

detected and infants identified for triple

ARV post-exposure prophylaxis.

Stratification of tests allows rational

usage of antibody and virological testing

Preventing maternal seroconversion

Initiate ART rapidly.

Raltegravir can be

added to more rapidly

reduce viral load

HIV� Check ART adherence through

standard viral load assays at 32

weeks’ gestation and ensure no

missed pharmacy visits

Standard viral load assay often easily

available in many settings.

Pharmacy visits easy to measure

Standard test can be

replaced by point of

care assay if standard

test logistically difficult

During Delivery HIV� Point of care virological test if

assay at 32 weeks’ gestation

above detectable limits

Identifies infants for ART prophylaxis

and early diagnosis

Previously HIV

negative or

unknown

Point of care antibody test

antibody test first; if negative, use

point of care virological assay

As above

Table 2. Urgent measures to increase early diagnosis, prevention and treatment in HIV-exposed infants

Timing Intervention Comment

At birth Commence post-exposure prophylaxis

using three ARVs for 4 weeks

Begin as soon as possible and take precedence over timing of

diagnostic tests. Convert to continued ART for a positive early test

2 separate blood draws for diagnostic

PCR tests or point of care virology test

plus confirmatory PCR

Confirmation of HIV status essential

4�6 weeks Repeat diagnostic PCR

12 weeks Repeat diagnostic PCR if negative at

4�6 weeks

Delayed positive test possible

For continued breastfeeding Repeat diagnostic PCR every 3 months

Rapid antibody test or virological

point of care test can be instituted at

9 months of age

This should continue until 6 weeks after fully weaned.A positive

rapid antibody test at 9 months may reflect slow disappearance

of maternal antibody and requires a diagnostic PCR or point of

care virology test

Cotton MF and Rabie H. Journal of the International AIDS Society 2014, 17:19875

http://www.jiasociety.org/index.php/jias/article/view/19875 | http://dx.doi.org/10.7448/IAS.17.1.19875

2

http://www.jiasociety.org/index.php/jias/article/view/19875
http://dx.doi.org/10.7448/IAS.17.1.19875


Authors’ affiliations

Department of Paediatrics and Child Health, Faculty of Medicine and Health

Sciences, Stellenbosch University, Stellenbosch, South Africa

Competing interests

Both authors have no competing interests.

Authors’ contributions

Mark F Cotton wrote the manuscript; Helena Rabie gave input, reviewed the

manuscript and approved the final version.

Acknowledgements

Both authors received support from the National Institute of Allergy and

Infectious Diseases of the National Institutes of Health under Award Number

UM1AI069521. The content is solely the responsibility of the authors and does

not necessarily represent the official views of the National Institutes of Health.

References

1. World Health Organization. Global update on the health sector response to

HIV, 2014. Geneva: WHO; 2014.

2. Violari A, Cotton MF, Gibb DM, Babiker AG, Steyn J, Madhi SA, et al. Early

antiretroviral therapy and mortality among HIV-infected infants. N Engl J Med.

2008;359:2233�44.
3. Cotton MF, Violari A, Otwombe K, Panchia R, Dobbels E, Rabie H, et al. Early

time-limited antiretroviral therapy versus deferred therapy in South African

infants infected with HIV: results from the children with HIV early antiretroviral

(CHER) randomised trial. Lancet. 2013;382:1555�63.
4. Persaud D, Gay H, Ziemniak C, Chen YH, Piatak M, Piatak M, Chun TW, et al.

Absence of detectable HIV-1 viremia after treatment cessation in an infant. N

Engl J Med. 2013;369:1828�35.
5. ‘‘Mississippi Baby’’ now has detectable HIV, researchers find. National

Institute of Allergy and Infectious Diseases; 2014 [cited 2014 July 10]. Available

from: http://www.niaid.nih.gov

6. Langston C, Lewis DE, Hammill HA, Popek EJ, Kozinetz CA, Kline MW, et al.

Excess intrauterine fetal demise associated with maternal human immunode-

ficiency virus infection. J Infect Dis. 1995;172:1451�60.
7. Rouzioux C, Costagliola D, Burgard M, Blanche S, Mayaux MJ, Griscelli C,

et al. Estimated timing of mother-to-child human immunodeficiency virus type

1 (HIV-1) transmission by use of a Markov model. The HIV Infection in

Newborns French Collaborative Study Group. Am J Epidemiol. 1995;142:

1330�7.
8. Read PJ, Mandalia S, Khan P, Harrisson U, Naftalin C, Gilleece Y, et al. When

should HAART be initiated in pregnancy to achieve an undetectable HIV viral

load by delivery? AIDS. 2012;26:1095�103.
9. Johnson LF, Stinson K, Newell ML, Bland RM, Moultrie H, Davies MA, et al.

The contribution of maternal HIV seroconversion during late pregnancy and

breastfeeding to mother-to-child transmission of HIV. J Acquir Immune Defic

Syndr. 2012;59:417�25.

10. South African National AIDS Council (SANAC). The South African antire-

troviral treatment guidelines 2013- PMTCT Guidelines revised: March 2013

[Internet]. 2013 [cited 2013 March 13]. Available from: http://web.up.ac.za/

sitefiles/file/45/1335/877/PMTCT guidelines_March 2013_DoH.pdf

11. San Francisco AIDS Foundation. HIV test window periods. San Francisco:

San Francisco AIDS Foundation; 2014.

12. Jani IV, Meggi B, Mabunda N, Vubil A, Sitoe NE, Tobaiwa O, et al. Accurate

early infant HIV diagnosis in primary health clinics using a point-of-care nucleic

acid test. J Acquir Immune Defic Syndr. 2014;67:e1�4.
13. Smit PW, Sollis KA, Fiscus S, Ford N, Vitoria M, Essajee S, et al. Systematic

review of the use of dried blood spots for monitoring HIV viral load and for

early infant diagnosis. PLoS One. 2014;9:e86461.

14. Nielsen-Saines K, Watts DH, Veloso VG, Bryson YJ, Joao EC, Pilotto JH,

et al. Three postpartum antiretroviral regimens to prevent intrapartum HIV

infection. N Engl J Med. 2012;366:2368�79.
15. Mirochnick M, Nielsen-Saines K, Pilotto JH, Pinto J, Veloso VG, Rossi S,

et al. Nelfinavir and lamivudine pharmacokinetics during the first two weeks of

life. Pediatr Infect Dis J. 2011;30:769�72.
16. Panel on treatment of HIV-infected pregnant women and prevention of

perinatal transmission. Recommendations for the use of antiretroviral drugs in

pregnant HIV-1-infected women for maternal health and interventions to

reduce perinatal HIV-1 transmissions in the United States. USA: Department of

Human Health Services; 2014 [cited 2014 Jun 30]. Available from: http://

aidsinfo.nih.gov/guidelines

17. Emau P, Jiang Y, Agy MB, Tian B, Bekele G, Tsai CC. Post-exposure

prophylaxis for SIV revisited: animal model for HIV prevention. AIDS Res Ther.

2006;3:29.

18. Tsai CC, Emau P, Follis KE, Beck TW, Benveniste RE, Bischofberger N, et al.

Effectiveness of postinoculation (R)-9-(2-phosphonylmethoxypropyl) adenine

treatment for prevention of persistent simian immunodeficiency virus SIVmne

infection depends critically on timing of initiation and duration of treatment. J

Virol. 1998;72:4265�73.
19. Chiappini E, Galli L, Giaquinto C, Ene L, Goetghebuer T, Judd A, et al. Use of

combination neonatal prophylaxis for the prevention of mother-to-child trans-

mission of HIV infection in European high-risk infants. AIDS. 2013;27:991�1000.
20. Bitnun A, Samson L, Chun TW, Kakkar F, Brophy J, Murray D, et al. Early

initiation of combination antiretroviral therapy in HIV-1-infected newborn

infants can achieve sustained virologic suppression with low frequency of

CD4� T-cells carrying HIV in peripheral blood. Clin Infect Dis. 2014;59:1012�9.
21. Burgard M, Blanche S, Jasseron C, Descamps P, Allemon MC, Ciraru-

Vigneron N, Floch C, et al. Performance of HIV-1 DNA or HIV-1 RNA tests for

early diagnosis of perinatal HIV-1 infection during anti-retroviral prophylaxis. J

Pediatr. 2012;160:60�6.e61.
22. Mazanderani H, Ahmad F, Du Plessis NM, Thomas WN, Venter E, Avenant T,

et al. Loss of detectability and indeterminate results: challenges facing HIV

infant diagnosis in South Africa’s expanding ART programme. S Afr Med J.

2014;104:574.

Cotton MF and Rabie H. Journal of the International AIDS Society 2014, 17:19875

http://www.jiasociety.org/index.php/jias/article/view/19875 | http://dx.doi.org/10.7448/IAS.17.1.19875

3

http://www.niaid.nih.gov
http://web.up.ac.za/sitefiles/file/45/1335/877/PMTCT%20guidelines_March%202013_DoH.pdf
http://web.up.ac.za/sitefiles/file/45/1335/877/PMTCT%20guidelines_March%202013_DoH.pdf
http://aidsinfo.nih.gov/guidelines
http://aidsinfo.nih.gov/guidelines
http://www.jiasociety.org/index.php/jias/article/view/19875
http://dx.doi.org/10.7448/IAS.17.1.19875


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Sheetfed Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF00530065007400740069006e0067007300200066006f00720020007400680065002000520061006d007000610067006500200077006f0072006b0066006c006f0077002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


